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ABSTRACT 

The  article  presents  the  results  of  research  on  the  development  of  energy-saving  electrical  technology  of  drying 
fruits  and  grapes.  The  mechanism  of  the  impact  of  the  electropulse  discharge  on  the  structure  and  properties  of  the 
fruits  of  grapes  is  analyzed.  A  scheme  is  proposed  for  the  distribution  and  distribution  of  discharge  currents  and  an 
equivalent  circuit  for  replacing  the  tissue  of  a  grapefruit  as  an  object  of  electrical  action.  To  intensify  the  drying  process, 
the  duration  of  which  depends  on  its  energy  intensity  and  energy  content  of  dried  products,  it  is  proposed  to  the  pre¬ 
electropulse  treatment  of  grape  before  drying,  ensuring  maximum  deactivation  of  tissue  cells,  as  the  main  factor 
preventing  moisture  removal.  The  paper  also  provides  a  diagram  of  the  manifestation  of  the  impact  of  electropulse 
energy  as  a  factor  of  energy  saving  during  drying. 

The  article  presents  the  results  of  an  experimental  study  to  determine  the  effect  of  electropulse  treatment  on  the 
duration  of  their  subsequent  drying  for  some  varieties  of  fruits  and  grapes  and  their  mathematical  models.  The  use  of 
renewable  energy  sources  to  improve  the  energy  efficiency  of  drying  agricultural  products  in  the  work  is  indicated  as  a 
promising  direction. 
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INTRODUCTION 

The  climatic  conditions  of  the  Central  Asian  republics  create  favorable  conditions  for  the  development  of 
horticulture,  fruit  growing  and  vegetable  growing.  In  2017  in  Uzbekistan,  compared  to  2000,  the  size  of  orchards 
increased  by  85.6  thousand  hectares,  vineyards  by  13.2  thousand  hectares.  In  2017,  31.0  million  tons  of  fruit  and 
vegetable  products  were  produced.  At  the  same  time,  up  to  30%  of  the  produced  products  do  not  reach  consumers 
and  this  is  mainly  due  to  the  lack  of  energy  efficient  technologies  and  technical  solutions  for  their  processing 
(drying,  storage,  canning,  and  others).  Solving  problems  that  arise  requires  complex  studies  aimed  at  improving  the 
energy  efficiency  of  energy-intensive  processing  processes,  in  particular,  drying,  taking  into  account  the 
characteristics  of  the  object  and  the  requirements  for  dried  products. 
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RESEARCH  METHODOLOGY  AND  RESULTS 

Research  methodology.  When  studying  the  effects  of  an  electric  pulse  discharge  on  the  structures  and  properties 
of  biological  objects  of  plant  origin,  we  used  the  laws  of  biophysics,  electrical  engineering,  and  the  laws  of  the  transfer  and 
absorption  of  energy  by  matter.  Changes  in  anatomical  and  ultrastructural  structures  were  studied  by  microscopic 
observation.  Evaluation  of  the  biological  state  of  the  material  was  carried  out  according  to  the  degree  of  tissue  damage  S 
and  the  method  of  electrical  conductivity.  Experimental  studies  were  carried  out  on  a  specially  designed  stand  using  the 
general  methodology  for  conducting  and  processing  an  experiment  and  the  mathematical  theory  of  planning  multifactor 
experiments. 

RESULTS 

The  data  on  the  effects  of  the  electric  pulse  discharge  on  whole  grapes  and  fruits,  which  reveal  the  mechanism  of 
the  damage  of  their  cells,  are  insufficiently  covered  in  the  literature  and  require  special  studies.  In  addressing  this  issue,  we 
have  studied  and  established  provisions  that  are  either  directly  or  indirectly  related  to  the  disclosure  of  the  mechanisms  of 
action  of  an  electric  pulse  discharge  on  the  structural  structure,  biological  properties,  parameters  of  an  electric  pulse 
discharge,  etc.  Based  on  the  data  obtained  in  the  study  of  electrophysical  properties,  it  is  possible  to  propose  a  scheme  for 
the  distribution  of  discharge  currents  and  an  equivalent  scheme  for  replacing  the  tissue  of  fruits  and  grapes  during  their 
electric  pulse  treatment  (Figure  1).  In  contrast  to  the  equivalent  circuits  cited  in  the  literature,  in  the  proposed  scheme,  the 
elements  of  the  circuit  characterizing  electrical  conductivity  (electrical  resistance)  are  adopted  as  variables,  since  the 
concentration  of  cell  and  intercellular  juices  will  change  as  the  electric  pulse  discharges.  The  variability  of  the 
electrophysical  properties  of  the  membranes  of  the  cell  is  taken  on  the  basis  of  the  resulting  redistribution  of  juices  in  its 
inner  and  outer  walls  during  electropulse  processing.  Based  on  the  literature  data  on  the  effect  of  the  electropulse  discharge 
on  plant  materials,  taking  into  account  the  specific  features  of  the  structure  and  properties,  as  well  as  the  results  of  our 
research,  the  following  changes  in  the  cells  and  tissues  of  fruits  and  grapes  during  electropulse  processing  are  assumed: 
destruction  of  the  intercellular  connection  (maceration),  increase  in  tissue  porosity  and  permeability  membranes  due  to 
coagulation  of  membrane  proteins,  disruption  of  the  orderliness  of  the  water  structure  (relaxation  of  the  hydrogen  bond 
between  water  molecules),  the  formation  of  a  microcrack  on  the  skin  and  removing  waxy  coating,  as  well  as  disruption 
stomata  disclosure. 


Figure  1:  The  Distribution  Pattern  of  the  Discharge  Current  (a)  and  the 
Equivalent  Circuit  for  Replacing  the  Tissue  of  Fruits  and  Grapes  (b) 


Impact  Factor  (JCC):  7.9878 
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The  reliability  of  these  assumptions  is  established  on  the  basis  of  special  studies,  as  well  as  from  literature  data  on 
the  influence  of  electrophysical  factors  on  biological  objects.  The  phenomena  of  sorption  and  changes  in  the  equilibrium 
moisture  content  were  studied  by  studying  the  porosity  of  grapes  (“Black  Sultana  grape”),  dried  after  pretreatment 
(prototype)  and  without  treatment  (control).  The  experiments  were  carried  out  according  to  the  existing  method  of  studying 
the  hygroscopic  properties  of  dried  materials  /l,  2  /.  The  research  results  allowed  to  establish  that  the  absorption  of 
moisture  and  the  achievement  of  equilibrium  moisture  in  the  test  sample  occurred  on  average  1.2  times  faster  than  in  the 
control,  indicating  a  more  porous  structure  of  the  tissue  subjected  to  electropulse  treatment  (Figure  2).  Changes  in 
anatomical  and  ultrastructural  structures  with  electropulse  treatment  were  studied  by  microscopic  observation  with  the 
participation  of  biologists  and  cytologists. 


Figure  2:  Moisture  Evaporation  Rate:  1-Out  of  Water  2-From 
the  Juice  of  Grapes  Subjected  to  Electro  Treatment 

Microscopic  observations  made  it  possible  to  establish  the  following 

•  During  electric  treatment,  the  skin  of  grapes  and  fruits  remains  intact  without  overlapping,  and  with  overlapping, 
it  is  cleaned  of  wax  deposits  and  is  covered  by  microcracks  along  the  discharge  channel 

•  With  a  needle-shaped  potential  electrode,  slight  skin  damage  is  observed  at  the  impulse  input  sites 

•  Tissue  cells  exfoliate  from  each  other  and  freely  float  in  the  intercellular  juice,  and  the  cell  walls  remain  without 
damage,  i.  e  .  maceration  occurs. 

To  verify  the  assumptions  made  on  the  basis  of  the  above  arguments,  a  special  study  was  conducted  involving  the 
determination  of  the  intensity  of  evaporation  of  water  from  the  juice  of  the  Black  Sultana  grapes  treated  with  electropulse 
discharges  compared  to  the  juice  of  the  raw  grapes. 

To  assess  the  impact  of  electropulse  treatment  in  further  studies  we  take  the  cell  damage  degree  indicator,  which 
is  widely  used  in  the  study  of  electrical  biological  objects.  The  degree  of  damage  S  characterizes  the  relative  change  in  the 
biological  properties  of  the  structural  structure  of  the  object  under  the  influence  of  an  electric  pulse  discharge  without 
taking  into  account  the  change  in  the  binding  energy  of  moisture  that  occurs  during  processing.  The  last  indicator  of  the 
influence  of  electrical  effects  is  essential  when  assessing  the  energy  costs  of  drying  plant  materials  subjected  to 
electro-treatment. 

Based  on  the  analysis  of  the  available  data  on  the  effect  of  electrical  processing  on  plant  materials  and  the  results 
of  our  own  research,  it  is  possible  to  draw  up  a  structural  diagram  of  the  manifestation  of  the  impact  of  electric  pulse 
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energy  as  a  factor  of  energy  saving  during  drying  (Figure  3) 

The  block  diagram  indicates  that  the  energy  of  an  electropulse  discharge  is  partially  absorbed  by  the  material, 
partially  lost  in  the  environment  in  the  form  of  dissipation  of  electromagnetic  energy  and  radiation  energy. 

The  absorbed  part  of  the  energy  manifests  itself  in  the  form  of  thermal,  mechanical,  electrochemical  and 
electrophysical  effects  causing  irreversible  structural  and  biological  changes  in  the  tissues  and  cells  of  the  processed 
products,  assessed  by  the  degree  of  damage  to  the  biological  object  S.  In  addition,  the  result  of  electrochemical  and 
electrophysical  processes  occurring  under  the  influence  of  grad  E  and  grad  H,  change  the  energy  of  the  bond  of  water  with 
matter  and  the  degree  of  order  of  its  structure. 

Thus,  the  results  of  the  study  allowed  to  establish 

•  The  main  damaging  factors  of  the  electropulse  discharge  are  discharge  currents,  electric  and  magnetic  field 
strength  and  duration  of  treatment  (number  of  pulses) 

•  Decrease  in  the  water-holding  capacity  of  the  tissue  of  plant  materials,  in  particular,  fruits  and  grapes,  treated  with 
electropulse  discharges  without  overlap,  is  mainly  due  to  the  cell  necrosis  due  to  mechanical  destruction  of  its 
cytoplasm  and  intercellular  communication  (maceration)  under  the  action  of  hydrodynamic  force  generated  in  the 
discharge  channel,  ion  dissociation  under  the  action  gradient  of  the  electric  field  arising  between  the  inner  and 
outer  walls  of  the  cell,  as  well  as  in  connection  with  the  occurrence  of  coagulation  of  the  white  s  cell  membrane 
due  to  the  conduction  current. 

In  addition,  the  violation  of  the  degree  of  ordering  of  the  structure  of  water  in  the  cell  sap  under  the  action  of  a 
pulsed  current  also  reduces  the  binding  energy  of  the  water  molecule  and,  accordingly,  the  energy  consumption  for  the 
removal  of  moisture  during  subsequent  drying.  The  established  pattern  of  electropulse  processing  and  changes  in  the 
degree  of  damage  to  cells  of  the  tissue  of  fruits  and  grapes  requires  determining  the  relationship  between  the  main  factors 
affecting  the  electric  pulse  discharge  (U,  C,  n)  and  the  indicator  of  the  degree  of  damage  to  tissue  S. 


Figure  3:  Block  Diagram  of  the  Manifestation  of  the  Impact  of  Electropulse 
Energy  as  a  Factor  of  Energy  Saving  During  Drying 


Impact  Factor  (JCC):  7.9878 


NAAS  Rating:  3.19 
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Based  on  the  analysis  of  the  effects  of  electrophysical  influences  on  plant  material  and  preliminary  experiments, 
we  have  adopted  the  following  parameters  of  the  measuring  circuit  when  determining  the  total  resistance  of  the  tissue: 
measurement  voltage  U  =  6-8  V,  frequency  of  measuring  current  f  =  103  Hz.  The  source  of  energy  for  measurements  is  a 
signal  generator  of  the  type  G3-33.  The  accepted  values  of  U  and  f  will  eliminate  polarization  and  heating  of  the  object 
under  study.  As  measuring  electrodes,  stainless  steel  needle  electrodes  were  used,  mounted  on  an  insulating  base  at  a 
distance  of  10  mm  from  each  other.  To  study  the  effect  of  electrical  processing  parameters  on  the  degree  of  damage  to  the 
tissue  of  fruits  and  grapes,  a  laboratory  stands  consisting  of  pulsed  energy  sources  with  capacitive  storage,  a 
high-frequency  signal  generator,  a  voltage  regulator,  measuring  instruments  (kilovolt  meters,  ammeters,  voltmeters)  and  a 
high-voltage  switch  was  developed.  The  electrical  circuit  of  the  laboratory  bench  is  shown  in  Figure  4.  The  developed 
laboratory  bench  allows  changing  the  discharge  voltage  (U),  storage  capacitor  capacitance  (C),  number  of  pulses  (n),  and 
observing  the  readings  of  the  instruments.  According  to  the  testimony  of  the  devices,  the  current  values  in  the  raw  fruits 
and  grapes  were  determined.  Then,  alternately,  pulsed  discharges  were  applied  to  fruits  or  grapes  mounted  on  grounded 
metal  surfaces  through  needle  electrodes  mounted  directly  on  the  surface  of  the  processed  product. 


Figure  4:  Electrical  Circuit  Diagram  of  the  Laboratory  Stands  for  Studying 
the  Effect  of  Electrical  Treatment  Parameters  on  the  Degree 
of  Tissue  Damage  in  Fruits  and  Grapes 

According  to  the  indications  of  the  devices,  the  degree  of  tissue  damage  of  the  processed  fruits  and  grapes  was 
calculated  in  relative  units  or  as  a  percentage  of  the  limiting  value  and  other  values  characterizing  the  process  (energy  and 
power  of  a  single  discharge,  specific  energy  consumption,  etc.). 

For  a  more  complete  identification  of  the  mechanism  of  electrical  treatment  on  the  anatomical  ultrastructural 
structure  of  tissue  cells,  along  with  an  electrophysical  method,  we  conducted  microscopic  studies  of  fruits  and  grapes  with 
the  involvement  of  biologists. 

Thus,  the  method  of  research  of  electropulse  processing,  developed  on  the  basis  of  existing  methods,  taking  into 
account  the  technological  features  of  fruits  and  grapes,  the  mechanisms  of  electrical  action  during  their  processing  and  the 
pursued  goal,  allows  you  to 

•  Set  the  parameters  of  electropulse  treatment  and  the  relationship  between  the  parameters  of  electrical  effects  and 
the  object  of  treatment 

•  To  study  structural  (anatomical  and  ultrastructural)  changes  occurring  in  fruits  and  their  constituent  components 
(skin,  pulp,  etc.)  during  electro  treatment 
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•  Study  the  energetics  of  the  process  and  establish  the  relationship  between  the  parameters  of  electrical  effect  and 
the  degree  of  tissue  damage. 

The  study  revealed  that  the  degree  of  damage  to  tissue  cells  depends  on  the  energy  of  a  single  impulse  WOIle 
supplied  to  the  product  and  the  number  of  impulses  n.  At  the  same  time,  the  maximum  deactivation  of  tissue  cells 
(5=95-98%)  was  achieved  with  the  following  parameters:  for  grapes  of  vp  =  8 •  1 0?  kJ,  n  =  16-18  imp;  stone  fruit  and  pome 

fruit  w  =12  io’  kJ,  n  =  8-12  imp. 

According  to  the  results  of  theoretical  studies,  factors  determining  the  course  of  the  electropulse  process  were 
identified:  discharge  voltage  (U),  discharge  capacitor  capacitance  (C),  and  a  number  of  pulses  (n). 

The  degree  of  damage  (S)  was  adopted  as  the  parameter  characterizing  the  processed  products. 

According  to  the  results  of  experimental  studies  and  their  mathematical  processing,  we  obtained  dependences  that 
characterize  the  change  in  the  degree  of  damage  to  the  tissue  of  fruits  and  grapes  driven  by  electrical  processing.  Figure  5. 
shows  the  dependence  of  the  degree  of  damage  to  grapes  of  the  “Sultana  Black  grape”  variety  on  the  voltage  of  the  electric 
discharge.  The  analysis  of  the  curves  suggests  that  an  increase  in  the  discharge  voltage  to  5-6  kV  is  accompanied  by  an 
increase  in  the  degree  of  damage  S,  and  a  further  increase  in  U  is  characterized  by  a  decrease  in  the  damaging  effect,  which 
is  obviously  due  to  the  predominance  of  the  surface  current  of  the  discharge  over  the  volume  passing  directly  through  the 
pulp  of  the  grapes. 


Figure  5:  The  Dependence  of  the  Degree  of  Damage  to  the  Tissue  of  Grape  Berries 
"Sultana  Grape  Black"  from  the  Voltage  of  Electrical  Discharges  5  =  /(«) 

(C=0,  lpF  and  the  Number  of  Digits:  1  -  n=4;  2-  n=3;  3  - 11=  14) 

According  to  the  results  of  the  study  of  the  effect  of  the  number  of  pulses  (n)  on  the  degree  of  damage  S,  graphical 
dependencies  for  the  fruits  of  grapes  were  obtained  (Figure  6). 

An  analysis  of  the  patterns  of  their  change  shows  that  cell  death  is  intense,  due  to  the  impact  of  the  initial 
impulses,  a  further  increase  does  not  give  a  significant  change.  Full  immobilization  of  the  tissue  of  fruits  and  grapes, 
respectively,  is  achieved  at  8-12  and  16-18  pulses.  The  study  of  the  effect  of  the  storage  capacitor  capacitance  (C)  on  the 
degree  of  S  cell  damage  allowed  to  establish  the  relationship  between  them  (Figure  7). 


Impact  Factor  (JCC):  7.9878 
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Figure  6:  Dependence  of  the  Degree  of  Damage  to  the  Tissue  of  the  “Sultana 
Black  Grape”  Berry  on  the  Number  of  Pulses  (at  C  =  0.77  pF 
and  C  =  0.2  pF,  at  U  =  2.0  kV  and  U  =  4.0  kV) 

The  analysis  of  the  dependence  S  =  f  (C)  shows  that  with  an  increase  in  the  capacity  of  the  storage  capacitor  to  a 
certain  value  (0. 3-0.4  microfarads  for  grapes;  0.35-0.45  microfarads  for  pome  fruit),  the  degree  of  tissue  damage  increases, 
and  a  further  increase  due  to  the  predominance  of  the  surface  discharge  over  the  volume  is  accompanied  by  a  decrease  in 
the  effect  of  defeat  the  pulp. 


Figure  7:  Dependences  of  the  Degree  of  Damage  to  Kishmish  Black  Grapes 
on  the  Capacity  of  the  Discharge  Capacitor  (at  U  =  4  kV  and  the 
Number  of  Pulses  6,  8, 14  and  19  imp) 


One  of  the  main  factors  determining  the  efficiency  of  electropulse  treatment  is  the  energy  of  a  single  pulse,  the 
determination  of  which  is  necessary  for  the  selection  of  a  generator  of  high  voltage  pulses.  The  energy  of  a  single 
discharge  can  be  adjusted  by  changes  in  U  and  C.  However,  the  lower  limit  of  U  is  limited  by  the  insufficient  effect  of 
processing,  the  upper  by  the  occurrence  of  an  arc  along  the  surface  of  the  berry,  therefore  changes  in  the  energy  of  a  single 
impulse  are  mainly  achieved  by  changing  C.  An  increase  in  the  discharge  energy  due  to  an  increase  in  the  capacity  of  the 
storage  capacitor  leads  to  more  intensive  destruction  of  the  cell  membranes,  but  at  the  same  time  an  increase  in  the  energy 
of  a  single  impulse  led  to  a  sharp  increase  in  the  specific  energy  consumption  for  processing  raw  materials  (Figure  8). 
The  maximum  necrosis  of  grapefruit  tissue,  respectively,  is  achieved  at  8-12  pulses.  The  study  of  the  degree  of  damage  to 
the  tissue  of  the  Black  Kishmish  grape  from  the  discharge  voltage,  the  number  of  pulses  and  the  balancing  time  allowed  us 
to  establish  the  relationship  between  them  (Figure  9). 
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Figure  8:  The  Dependence  of  the  Specific  Energy  Consumption  on  the  Number 
of  Pulses  for  different  Values  of  the  Pulse  Energy  is  -  0.2;  0.8;  1.54; 

6.16  kj  (for  Black  Sultana  Grapes) 


A  slight  damage  to  the  tissue,  the  grapes  when  liquid  blanching  is  due  to  the  fact  that  during  processing  for  5-10  s 
only  the  surface  layer  of  the  berry  is  subjected  to  thermo  plasmolysis. 


60  70  SO  90  100  T.°C 


$  10  IS  20  30  T.  s 

Figure  9:  Dependence  of  the  Degree  of  Damage  to  the  Tissue  of  the  Black  Sultana 
Grapes  on  the  Discharge  Voltage  (curve  3,4,5),  the  Number  of  Pulses 
(Curve  1)  and  the  Balancing  Time  (Curve  2) 

The  energy  consumption  for  liquid  balancing  is  250-300  kJ  per  1  kg  of  the  grapes  to  be  processed.  The  results  of 
experimental  studies  have  shown  that  electropulse  processing  of  fruits  and  grapes  at  discharge  voltages  U  =  5-7  kV  and 
capacitor  capacitance  C  =  0.3-0. 4  pF  and  the  number  of  pulses,  n  =  8-18,  leads  to  maximum  damage  to  the  cells  of  their 
tissue  analyzing  the  influence  of  the  number  of  impulses  on  the  degree  of  damage,  we  note  that  from  the  initial  impulses 
the  tissue  is  affected  more  intensively  than  from  subsequent  ones,  and  at  certain  values,  the  degree  of  damage  to  the  tissue 
of  fruits  and  grapes  is  almost  unchanged,  which  apparently  corresponds  to  the  complete  death  of  living  tissue  cells. 
The  processing  of  fruits,  and  especially  grapes,  carried  out  in  two  stages,  initially  by  the  surface,  and  then  by  volumetric 
discharges,  provides  intensive  drying  in  combination  with  the  production  of  dried  raw  materials  with  a  good  presentation. 
To  identify  the  complex  effects  of  the  main  factors  (discharge  voltage  U,  discharge  capacitor  capacitance  C,  number  of 
pulses  n),  the  level  of  impact  on  the  degree  of  damage  and  to  develop  a  mathematical  model  of  the  electrical  processing 
process  of  some  grape  varieties  and  fruits,  we  carried  out  studies  using  the  mathematical  theory  of  planning  multivariate 
experiments  /  20,  21  /.  On  the  basis  of  preliminary  experiments,  the  main  factors  affecting  the  degree  of  damage  to  the 
tissue  of  fruits  and  grapes,  the  main  levels  and  intervals  of  their  variation  were  identified.  The  main  factors  affecting  the 
degree  of  damage  to  tissue  cells  are  the  discharge  voltage  (XI),  the  number  of  pulses  (X2)  and  the  capacity  of  the 
discharge  capacitor  (X3) 
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Table  1:  Intervals  and  Levels  of  their  Variation 


Designation  of 
Factors 

Factor 

Levels 

Interval 

Impact  Object 

Coded 

Natural 

-1 

0 

+  1 

x. 

U 

Discharge  voltage,  kV 

2 

4 

6 

2 

Plum:  Isfandyk 

1 

3 

5 

2 

Apples 

3 

5 

7 

2 

Apricots 

2 

3 

4 

1 

"Black  Sultana  grape 
"  and  "white" 

2 

4 

6 

2 

Nimrang  Grapes 

2 

3,5 

5 

1,5 

Grapes  "Tayfi  pink" 

2 

3,5 

5 

1,5 

Grapes  "Muscat  of 
Alexandria" 

x2 

n 

Number  of  pulses,  pcs. 

6 

13 

20 

7 

Plum:  Isfandyk 

4 

7 

10 

3 

An  Apple 

6 

9 

12 

3 

Apricots 

6 

12 

18 

6 

"Black  Sultana  grape 
"  and  "white" 

8 

16 

24 

8 

Nimrang  Grapes 

8 

14 

22 

8 

Grapes  "Tayfi  pink" 

6 

14 

22 

8 

Grapes  "Muscat  of 
Alexandria" 

X3 

c 

Capacity  of  discharge 
capacitor,  uF 

0,1 

0,435 

0,7 

0,335 

For  all  grapes, 
apples,  plums  and 
apricots 

0,2 

0,6 

1 

0,4 

To  describe  the  process  of  electropulse  treatment  in  the  area  of  interest  to  us,  according  to  the  results  of 
preliminary  experiments,  the  equation 

3  3  3 

Y  =  b0+  £  V;  +  YjbHxixj  +  IV?  (1) 

i— 1  j=l  i=l 

When  calculating  the  regression  coefficients  included  in  the  equation  bj  and  bjk,  the  plan  of  the  factorial 
experiment  of  type  2k  was  used.  After  processing  the  results  of  the  experiment,  regressive  and  dispersive  analysis,  a 
mathematical  model  of  the  process  of  electropulse  processing  of  fruits  and  grapes  was  obtained.  The  repetition  of  the 
experiments  was  taken  three  times.  When  processing  the  results  of  experiments  and  carrying  out  statistical  analysis  of  the 
process  model,  the  techniques  described  in  /  5,6  /  are  used.  The  research  results  allowed  to  obtain  mathematical  models  of 
processes  of  electropulse  processing  (Table  2.)  Regression  and  variance  analysis  of  the  mathematical  model  showed  the 
significance  of  the  regression  coefficients  and  the  adequacy  of  the  constructed  mathematical  models.  Analysis  of 
mathematical  models  suggests  that  all  three  factors  significantly  affect  the  degree  of  tissue  damage  of  grapes  and  fruits. 

Mathematical  models  of  processes  of  electric  pulse  processing  of  fruits  and  grapes 
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Product 

Type 

Mathematical  Model 

The 

Equation 

With  Coded  Variables 

With  Natural  Variables 

Plum 

"Isfandyk" 

7  =  4+ 0,62a'|  +  0,82*2  + l,4*j  + 

+0,1  2a,2  -0,26a 2  -0,3*3  + 

+  0,05*j  *2  +0,51*2*3 

S  =  8,94  -  0,94 U  +  0,1  In  +  6,9C  + 

+  0,05317 2  +0,ln 2  -26C2  + 

+  0,l9Un  +  0,33Un  +  2,55nC 

(2) 

Apples 

7  =  2,4  +  1,13*]  +0,66*2  +0,8*3  + 

+  0,04*]2  -0,15*2  —  0,1 8*3  + 

+  0,63*!*2  +0,6*]*3  +0,580,6*2*3 

S  =  2,1 6  -  0,24 U  -  0,1 8 n  -  3,83 C  - 

-0,63  U2  +0,29  n2  +0,09 1C2  + 

+  0,0517/7  +  0,3317/7  +  0,9 5UC  + 

+  0,3/?C 

(3) 

Apricot 

7  =  8,56  +  4,41*]  +1,49*2  + 1,69*3  - 
— 1,9 1*,2  -0,535*32  +0,59*i*2  + 

+  0,99*1*3 

S  =  -20,08  +  2,817  -  0,53/?  +  3, 1C  - 

-  0,3  317 2  -  0,0 1^ 2  +0,1 617/7  + 

+  2,95  UC 

(4) 

White 

Sultana 

grape 

7  =  11,18+2,876*]  +2,53*2  + 

+  3,826*3  —  2,3 1*;  +  0,083*;  + 

+  0,61x1  +0,707*1*2 

S  =-55,18  +  2,87617  +  0,42//  + 

+  11,42C- 2,3 117 2  +0,013/z2  + 

+  5,98C2+2,llt/C 

(5) 

Black 

Sultana 

grape 

7  =  1 1,605  +  2,447*i  +  2,486*2  + 

+  3,538*3  + 1,9 8* 2  +0,062*;  + 

+  0,73*2 

S  =  —43,1 8  +  2,4417  +  0,5 1 3n  + 

+  10,68C  + 1,9817 2  +0,0 17n 2  + 

+  6,5 1C2 

(6) 

Nimrang 

Grapes 

7  =  7,13  +  l,87*i  +  2,01*,,  + 

+  1,024*3  +1,13*;  —0,051*;  + 

+  0,48*;  +0,83*2*3 

S  =  -21,3  + 19,817  +  0,35/7  - 

-0,49C  + 0,9717 2  +0,0 15/7 2  - 
-0,32C2  -  0,62//C 

(7) 

Tayfi 

grapes 

7  =  6,89  +  2,08*i  "1"  1,76*,  + 

+ 1,623*3  — 1,08*;  +  0,048*;  + 

+  0,36*32  -0,56*i*3 

5  =  -1 8,3  + 1,6217  +  0,44/7  - 

-0,82C  +  0,98C2  -0,03 3/7 2  - 
-0,4 1C2  +0,2917C 

(8) 

Muscat 

grapes 

7  =  8,41+2,13*]  +2,07*,  + 

+  1,782*3  +1,23*;  —0,06*;  + 

+  0,51*32  +0,85*i*3 

S  =  -21,7  +  2,0117  +  0,68/7  + 

+  0,95C-0,87172  +0,042/7 2  - 
-0,25C2 -2,44CC 

(9) 

The  most  significant  of  the  factors  of  the  three  factors  is  the  capacity  of  the  discharge  capacitor  (C).  The  second  in 
importance  in  the  equations  given  in  Table.  2  are  factors  factors^,  V2  (equations  6,8,9).  We  also  carried  out  studies  on  the 
effect  of  the  developed  technology  of  preliminary  pulsed  processing  on  the  intensity  of  the  subsequent  drying.  Studies  were 
conducted  on  a  special  laboratory  model  of  a  convective  drying  unit  equipped  with  special  measuring  devices.  When 
determining  the  effect  of  electrical  treatment  and  the  parameters  of  the  drying  agent  on  the  kinetics  of  drying,  the  degree  of 
damage  S,  temperature  T  and  the  speed  of  movement  of  the  drying  agent  V  were  taken  as  variable  factors.  The  object  of 
the  study  was  the  Sultana  Black  grape.  The  experiments  were  carried  out  in  six  replicates  by  measuring  the  temperature 
and  speed  of  the  drying  agent,  taking  into  account  changes  in  the  mass  of  the  dried  products  and  time  T.  According  to  the 
results  of  experimental  studies  and  their  mathematical  processing,  drying  curves  were  obtained  (Figure  10).  An  analysis  of 
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the  drying  curve  suggests  that  the  average  duration  of  drying  of  fruits  and  berries  subjected  to  electrical  treatment  is  1.5- 
1.8  times  less  than  the  chum  of  untreated  products.  The  degree  of  influence  of  pre-treatment  on  the  duration  of  the  process 
can  be  characterized  by  a  relative  coefficient  of  reduction  of  the  duration  of  drying  ( K  (defined  as  the  ratio  of  the  duration 

of  drying  of  the  non-processed  t'  product  to  the  processed:  z"  :  K  z"  . 

t" 


w,% 

360 
300 
240 
180 
120 
60 

0 

Figure  10:  Curve  Drying  Grapes  Sultana  Black 

FINDINGS 

•  The  main  parameters  of  electrical  processing  with  pulsed  discharges  are  the  discharge  voltage  (Up)  (electric  field 
intensity),  the  capacity  of  the  discharge  capacitor  C  and  the  number  of  pulses  n 

•  The  maximum  degree  of  damage  to  the  tissue  of  fruits  and  grapes  is  achieved  with  processing  parameters  U  =  3-7 
kV;  C  =  0.3-0. 4  pF,  n  =  8-18  pulses 

•  Graphic  dependencies  and  mathematical  models  of  the  process  of  electrical  processing  of  fruits  and  grapes 
characterize  the  regularities  of  the  process  and  can  be  used  in  engineering  calculations  and  in  the  design  of  an 
electrical  pulse  installation 

•  The  energy  of  a  single  pulse  depends  on  the  resistance  of  the  discharge  channel,  its  upper  limit  is  limited  by  the 
allowable  density  of  the  discharge  current  at  the  places  of  energy  input  (for  different  grapes  W  =5*10_3kJ  for 
fruits  W=9*10~3kJ ),  lower  -  insufficiency  of  the  damaging  effect; 

•  Liquid  blanching  of  fruits  and  grapes  allows  only  slightly  affecting  the  cells  of  tissue  S  =  2.5-5  (mainly  the  skins 
of  the  surface  tissue)  with  significantly  higher  specific  energy  costs  VV'=250-300  kJ/kg 

•  Preliminary  electro  pulse  treatment  reduces  the  duration  of  the  drying  process  and  reduces  energy  costs  for  its 
implementation,  and  the  effect  of  the  degree  of  damage  on  the  intensification  of  drying  at  S  <  50%  is 
insignificant,  a  further  increase  in  S  is  characterized  by  a  sharp  increase  in  its  efficiency,  and  at  S  >  85-90  % 
there  is  a  constancy  of  the  duration  of  the  process. 
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